Salinity is rising in many southern African and Australian rivers with unknown effects on aquatic organisms. The extent of spatial variation, at any scale, in salt tolerances is unknown and therefore whether data from one location should be used elsewhere. The acute tolerances 
Introduction
Agricultural practices are causing increases in salinity of rivers and wetlands in semiarid and arid parts of the world, including Australia and southern Africa (Williams 1987) . There are up to 6-fold increases in mean flow-weighted salinity levels of rivers forecast in Australia's Murray-Darling Basin over the next 100 years (MDBMC 1999) . South African rivers currently have a wide salinity range, from freshwater to a maximum-recorded value of 77 mS cm (Hart et al. 1991; Dallas and Day 1993) . Salinity tolerance information is therefore needed for developing protective ecological guidelines, assessing ecological risk, biomonitoring studies and biodiversity conservation.
Based on Australia's aridity and commonness of inland saline waters, some have suggested that Australian freshwater organisms are more salt tolerant than organisms from other continents (see MDBMC 1987; Williams et al. 1991; Nielsen and Hillman 2000) . Kefford et al. (2003) concluded that most Australian freshwater macroinvertebrates had similar salinity tolerance to related species from elsewhere.
They, however, acknowledged that much of the salinity tolerance data available relates to species that are considered likely to be salt tolerant (Hart et al. 1991) . No study has ascertained the extent to which salinity tolerance varies spatially, at any scale, with non-biased data collected by the same methods. Therefore, the applicability of using salinity tolerance data from one location to predict salinity tolerance at other locations is unknown. In this paper, we measure the relative salinity tolerance of macroinvertebrates from the south-east of the Eastern Cape Province (SEEC) of South Africa and their tolerances to existing data (Kefford et al. 2003) from the Barwon Catchment, Victoria, Australia. Every effort was taken to use the same method, which is of field relevance (Kefford et al. 2004a) , in both locations so that comparisons were valid.
Southern Africa and Australia have highly variable runoff and stream flow (Gordon et al. 1992) . By making comparisons from locations in southern Africa and Australia, the variation in tolerance from similar hydrological settings at this very large spatial scale can be considered.
The objective of this paper is to compare the salinity tolerance of freshwater macroinvertebrates from the SEEC and the Barwon Catchment. (Naturally we are not attempting to compare the salinity tolerance of macroinvertebrates from all locations within Australia and South Africa.) We investigate: whether related taxa (at the order or family level) have similar tolerances at the two locations; whether the increased salinity tolerance of rare taxa observed in the Barwon Catchment (Kefford et al. 2003) is repeated in the SEEC; whether the species sensitivity distributions (SSDs) at the two locations are similar.
Materials and methods
The methods used in the SEEC were identical to those used in the Barwon Catchment (Kefford et al 2003) and are thus only briefly described.
Collection of invertebrates
In both locations, macroinvertebrates were only collected from rivers that were essentially fresh, or almost so, in order to determine the salinity tolerance of (Kefford et al. 2003) .
Laboratory tolerance testing
Effective development of guidelines for environmentally safe salinity levels (and other pollutants) depends on salinity tolerance data from a wide range of taxa (Aldenberg and Slob 1993) and species selected to be representative of natural communities (Forbes and Calow 2002) . Experiments were therefore designed so that approximate estimates of the salinity tolerance could be made from many species and from the range of higher taxa present at the collection locations quickly (Kefford et al. 2003 et al. 1991; Kefford et al. 2003] ) of the species being tested.
There were minimal differences in the ionic composition of the aquarium waters used in both locations (Kefford et al. 2004b ) and these differences would result in negligible differences in ionic proportions in the experimental treatments. Individual taxa were housed in separate containers that allowed aerated water (> 80 % oxygen saturation) to circulate but prevented different taxa interfering with each other. As the aquariums provided a non-flowing environment, all taxa tested were non-rheophilic.
Species for which > 50 individuals could be collected on one occasion were designated common taxa; other taxa were designated as rare. To ensure comparability, collection effort was similar for all species at both locations. If only common species are tested, the salinity tolerance of rare species, which form the majority of the species in most communities (Gray 1981; Gaston 1994), would not be represented and the SSD would be biased.
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Common taxa were exposed to > 8 salinity treatments concurrently in at least one trial. In order to assess the temporal variation (or repeatability) of test results, 2 or 5 repeat trials (with individuals collected on different occasions over four months) were conducted with 4 of the 8 common taxa (Table 1) . For rare taxa we used a modified up-down test protocol (Bruce 1985 (Bruce , 1987 Kefford et al. 2003) to obtain an approximate LC 50 value. As many individuals as could be obtained at one time were exposed to 1-3 salinity treatments. Survivorship in these treatments was used to select treatments in subsequent trials. If, for example, > 50 % survived at the highest salinity, on the next occasion, the salinity was increased.
As is standard in acute toxicity tests, animals were not fed during the experiments (OECD 1996; ASTM 1998). Survivorship was assessed, and dead individuals removed, at 1, 24, 48, 72 and 96 hours. Immobility after probing was taken as death.
Where cased caddisfly larva had retracted deeply, the case was removed and the immobility criterion applied. Retracted gastropods were placed in freshwater and if they failed to respond within 30 minutes were regarded as dead. Retracted individuals were seldom alive but were excluded at subsequent time periods.
Data analysis
For common taxa, standard logistic regressions were fitted and LCx values were 
Results
For the common taxa there was high survivorship in the control treatments over 72 and 96 hours (Table 1) . Micronecta piccanina was, however, an exception with considerable mortality between 72 and 96 hours (in all treatments including controls) and the tolerance of this species is best considered only at 72 hours. There were no appreciable differences in the tolerances between repeat trials with the same species or for two taxa (M. piccanina and Leptocerina) collected from different sites, as shown in the Barwon Catchment, despite a wide range in EC from which species were collected (Kefford et al. 2003) . All data for each taxa was therefore analysed together.
LC 50 values calculated over 96 hours of exposure were 0 to 31 % lower than over 72 hours but the 95 % confidence intervals for 72-h and 96-h LC 50 values overlapped (Table 1) , and as with Kefford et al. (2004c) , is suggesting that there is little difference in the interpretation of results obtained from either exposure period.
There was 100 % survivorship of Dineutus grossus at < 6.4 mS cm -1 but at higher EC survivorship was variable and its LC 50 was conservatively recorded as > 6.4 mS cm -1 ( values, which extended from > 1.6 to 47 mS cm -1 .
Salinity tolerances of the taxa tested from the Barwon Catchment and the SEEC were similar especially in terms of mean LC 50 values (Table 3 ). The range of LC 50 values was, however, wider in the Barwon Catchment (Table 4) . First, in the SEEC fewer taxa had very low LC 50 compared to the Barwon Catchment (Fig. 1a) poorly represented in the SEEC and this could also account for the few taxa in this region with very high tolerance. Given the similarity of the LC 50 values between the two locations, the combined dataset is plotted (Fig. 1b) .
While there were some rare species that were relatively salt sensitive, as with species from the Barwon Catchment, the common species tended to have lower salinity tolerance in the SEEC (Table 3 , Fig. 2) . Despite a few exceptions, the tolerances of most members of particular taxonomic groups were similar between the two locations (Table 3 ). The two non-arthropods tested, without censored LC substantially lower salinity tolerance than most of the insects from the SEEC. It was not possible to assess the tolerance of crustaceans from SEEC as only one taxon was tested (LC 50 > 25.6 mS cm -1 ); but it is clearly not sensitive.
As in the Barwon Catchment, the most sensitive species tested from the SEEC was a baetid, Cheleocloeon sp.; its tolerance was, however, slightly higher than the two baetids from the Barwon Catchment (72-h LC 50 of 5.5 and 6.2 mS cm -1 ). The tolerances of major insect orders in the SEEC (Fig. 3a) overlapped more than in the Barwon Catchment, yet their patterns of tolerance were similar at both locations.
Coleoptera and Odonata tended to be more tolerant than Hemiptera in the SEEC (Fig.   3a ). This pattern was repeated when data from both locations were considered (Fig.   3b ).
The SSD from the SEEC is bi-modal with peaks around 10 -15 mS cm -1 and 35 -40 mS cm -1 (Fig. 4a) . This is evident in Fig. 1a where the Kaplan-Meier function is steepest at these ranges. This contrasts with the Barwon Catchment where there was a single peak around 10 -15 mS cm -1 (Kefford et al. 2003) . Most Odonata had LC 50 values around the second peak and a greater number of Odonata taxa were tested in the SEEC than the Barwon Catchment (Table 3) . Exclusion of Odonata eliminated the second peak.
Discussion
The macroinvertebrates tested in both locations had a similar mean LC 50 value, rare taxa in both locations tended to be more tolerant than common taxa and most species from specific higher taxa (orders and families) had similar LC 
Spatial differences in salinity tolerance
The LC 50 values of macroinvertebrates from the Barwon Catchment spanned a larger range than in the SEEC, which might result from fewer non-arthropods (which in the Barwon Catchment were sensitive) and crustaceans (which in the Barwon Catchment were tolerant) being tested in the SEEC. The higher number of Odonata tested in the SEEC caused the second mode in its SSD (Fig. 4) . There are relatively few freshwater macrocrustaceans in the SEEC (Day et al. 2001) and this is confirmed by comparing the taxa lists from the Barwon Catchment and SEEC (Table 4) . Additionally, more non-arthropods (mainly gastropods) have been collected from the Barwon Catchment than the SEEC (Table 4) . Studies from the SEEC do not report Odonata below suborder or only list common taxa (Table 4) , making it difficult to compare Odonata diversity. The difference in the SSDs between locations appears to be mostly due to the number of taxa tested from different taxonomical groups at each location (and not due to differences in the tolerance of these groups). We acknowledge that there will be situations were little data exists in a region and management needs dictate that a SSD must be examined before new data can be collected. The differences in ranges of LC 50 values between the SSDs for each location and the difference in distribution (bi-and uni-modal) suggest that this is not ideal. The broad similarity in salinity tolerances within most orders at both locations suggests that it may be acceptable, in the absence of other information, to assume similar salinity tolerance in different geographic locations within families and orders but not for entire SSDs. Thus, some regional differences in salinity tolerance appear likely. (that rare and common species will behave differently). Metzeling's (1993) observations that rare macroinvertebrate species were more restricted than common species to particular salinity ranges, also supports Cao and Williams (1999) It is possible that some of the species we found to be locally rare, are in fact common more widely. It would seem unlikely, however, that most of the species we found to be rare are generally common elsewhere (Gaston 1994). It is curious that an arbitrary but consistent definition of rarity, in both locations, was related to salinity tolerance.
Rare species did tend to belong to particular taxa, for example, Coleoptera and Odonata. The relationship between rarity and salt tolerance may be due to chance that these taxa tend to be salt tolerant and rare (Kefford et al. 2003) . Alternatively, if we assume that rare and common species tend to be K-and r-selected, respectively, then the inability for K-selected species to rapidly recover following disturbances should be a strong selection pressure to develop resistance to environmental extremes (McMahon 2002) . This hypothesis would predict that in localities where salinity levels are intermittently elevated (as in parts of the Barwon Catchment and the SEEC), rare species would tend to be more salt tolerant than common species. In localities where salinity is relatively constant (low or high) over evolutionary time this hypothesis would predict that rarity would not affect salinity tolerance.
Variations in tolerances within a taxon
Despite most members of particular orders from both locations having similar salinity tolerance there were some notable exceptions. Paragomphus (Odonata: Gomphidae) from the SEEC had a LC 50 that was about half of that of the least tolerant odonatan from the Barwon Catchment. While some Odonata species are salt sensitive ( The two SEEC corixids species tested were not more tolerant than those from the Barwon Catchment. It is therefore apparent that not all non-Australian corixids are more tolerant than Australian corixids.
In the current study one baetid from the SEEC was more tolerant than two tested from the Barwon Catchment. Forbes and Allanson (1970a) found a SEEC baetid, Cloeon crassi, had a similar tolerance to the baetid we tested from the SEEC (between 9.3 and 14 mS cm -1 ). They also found another, C. africanum, had a tolerance (between 4.6 and 9.3 mS cm -1 ) similar to those from the Barwon Catchment. Only one plecopteran was tested from the SEEC and it was more sensitive than the three tested from the Barwon Catchment. In contrast, the one trichopteran tested in the SEEC, without a censored LC 50 , was more tolerant than those tested from the Barwon Catchment. Further testing of these groups will be needed to assess the importance of these differ Cape.
